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INTERNAL COMBUSTION ENGINE WITH DIRECT PETROL INJECTION AND 

CONTROLLED IGljQ20^eCHIP(^^ OSOCTlOM' 

The invention concerns an internal combustion engine with direct gasoline injection and 
5 controlled ignition. 

The invention concerns more particularly an internal combustion engine, with direct 
gasoline injection and controlled ignition, comprising at least one cylinder, a cylinder head 
closing the cylinder, a piston sliding in the cylinder, a combustion chamber defined between the 
piston and the cylinder head, means for injecting gasoline into the combustion chamber, ignition 
10 means intended to produce an ignition of the air-gasoline mixture in the combustion chamber, 
intake and exhaust valves, selectively closing the combustion chamber, and means for 
recirculating at least a portion of the exhaust gases into the combustion chamber during the air 
intake phase. 

Various modes of operation in connection to the injection strategy can be envisioned 

1 5 thanks to the direct injection of gasoline. 

One of the known solutions is the introduction of fliel in stoichiometric proportions, so 
that the totality of the fuel is burned upon contact with the air. According to this solution, the 
fuel is introduced early enough during the intake phase of the engine cycle to ensure a good 
evaporation and a good homogeneity of the load. 

20 In this mode of operation, it is interesting to introduce into the combustion chamber, at 

the time of intake, burned gases from the exhaust (also called recirculated gases). These gases 
do not participate in the combustion but they make it possible to reduce the density of the fuel 
mixture (gasoline-air) and thus to reduce the loss of energy during the engine cycle. 
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However, the reintroduction of burned gases has drawbacks: the air-gasoline-recirculated 
gases mixture is not homogeneous and the combustion speed is reduced. These two effects result 
in a degradation of the combustion efficiency. The maximum amount of burned gases that it is 
possible to reintroduce to improve consumption is thus limited. 
5 An objective of the present invention is to remedy all or part of the drawbacks of the 

prior art mentioned above. 

To this effect, the internal combustion engine, with direct gasoline injection and 
controlled injection according to the invention, which is otherwise conform to the generic 
definition given in the preamble above, is essentially characterized in that the pressure provided 
1 0 to the injection means is above 250 bars, so as to homogenize the air-gasoline-recirculated gases 
mixture and to increase the combustion speed. 

Further, the invention can comprise one or several of the following characteristics: 

- The exhaust gases reintroduced into the combustion chamber represent a residual ratio 
above 20%, and preferably comprised between 40 and 60%, 

15 - at least a portion of the recirculated exhaust gases is reintroduced into the combustion 

chamber by a so-called "external" route (EGR), i.e., via a derivation conduit, 

- at least a portion of the recirculated gases is reintroduced into the combustion chamber 
by a so-called "internal" route (IGR), i.e., by appropriate control of the intake and exhaust 
valves. 

20 - the gasoline injection means and the ignition means are separated by a distance 

comprised between 5 and 30 millimeters. 

- the injection means and the ignition means are disposed in the cylinder head according 
to two respective axes forming an angle above 35°. 
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- the injection means inject gasoline during the intake phase of the engine cycle. 
Other particularities and advantages will appear upon reading the following description 

made in reference to the drawings in which: 

- Figure 1 is a schematic and partial cross-section view of an internal combustion engine 
5 according to the invention, 

- Figure 2 is a schematic top view of an engine comprising a known exhaust gas recycling 
device by a so-called "external" route. 

The engine according to the invention shown on Figure 1 comprises at least one cylinder 
1, a cylinder head 6 closing the cylinder 1, and a piston 7 slidingly arranged in the cylinder 1. A 

1 0 combustion chamber 2 is defined between the piston 7 and the cylinder head 6. 

The engine comprises also a gasoline injection means 3, such as a nozzle or an injector 
which opens into the combustion chamber 2. The injector 3 is supplied by an injection pump 13 
intended to provide pressurized gasoline to injector 3. Ignition means 4, such as a spark plug, 
plunge also into the combustion chamber 2 for producing an ignition of the air-gasoline mixture 

1 5 in the combustion chamber 2 at a determined time. 

According to a characteristics of the invention, the pressure of the gasoline provided to 
the injector 3 is above 250 bars. The injector 3 can be disposed, for example, on the symmetry 
axis Z of the cylinder 1 , such as shown on Figure 1 . The spark plug can be disposed at a distance 
comprised between 5 and 30 millimeters of the injector 3. According to this arrangement, the 

20 injector 3 is diposed, in the cylinder head 6, along an axis X, and the spark plug 4 is disposed 
along an axis Y. The angle 0 between the axis X of the injector 3 and the axis Y of the spark 
plug 4 is under 35^ 
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Other arrangements, not shown, of the injector 3 and the spark plug 4 can be envisioned. 
For example, the angle 9 between the axis X of the injector 3 and the axis Y of the spark plug 4 
is above 35*", and, preferably, equal to about 60*". The injector 3 and the spark plug 4 can be 
disposed in particular on opposite sides of the symmetry axis Z of the cylinder L 
5 The engine comprises also one or several intake valves 8 and one or several exhaust 

valves 9 selectively closing passages between the combustion chamber 2 and, respectively, an 
intake conduit 1 0 and an exhaust conduit 1 1 . 

In addition, the engine is characterized in that it comprises means for recirculating at least 
a portion of the exhaust gases. 
10 During injection of the high pressure gasoline according to the invention, strong 

turbulences are observed in the combustion chamber 2, far above those of conventional 
arrangements. This turbulence makes it possible to increase the folding of the flame front and 
thus the flame surface in contact with the fuel mixture. 

The strong turbulence, generated by the high gasoline pressure, allows higher combustion 
1 5 speeds for a given ratio of burned gases. Thus, it will be possible to obtain a combustion of 
acceptable quality with high ratios of recirculated gases. It will be possible to have a residual 
ratio of exhaust gases reintroduced into the combustion chamber 2 above 20% and, according to 
a preferred embodiment, comprised between 40 and 60%. 

Further, the high pressure delivered makes it possible to inject a large amount of fuel 
20 thanks to the good atomization obtained. This characteristics makes it possible also to obtain a 
very homogeneous fresh air-burned gases-air mixture quickly. 

The engine according to the invention has the advantage that it reduces fuel consumption 
thanks to the more important recirculation of exhaust gases. 
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Two known means for recirculating burned gases can be envisioned: either by the so- 
called "external" route (EGR), as shown on Figure 2, or by the so-called "internal" route (IGR). 

According to the configuration by the so-called "external" route, the burned gases can be 
taken according to two modes. 
5 As a variant, the burned gases can be taken in the area of the exhaust conduits 1 1 . The 

gases are reintroduced subsequently upstream from the intake collector 16 via a derivation 
conduit 14. 

The burned gases can be taken via an internal conduit 1 5 in the area of the cylinder head 

6. The gases are subsequently reintroduced upstream of the intake collector 16. 
10 In both cases, the amount of reintroduced exhaust gases is controlled by a regulation 

valve 12 controlled by an engine calculator (ECU), not shown. The burned gases mix with the 

fresh air. This mixture is introduced into the combustion chamber during the intake phase. 

According to the configuration by the so-called "internal" route, the burned gases can be 

introduced by appropriate control of the intake valves 8 and exhaust valves 9. In a known 
1 5 manner, when a combustion cycle is completed, the exhaust valves 9 open so as to release the 

burned gases. In order to recuperate a portion of the burned gases, the intake valves 8 open 

during the gas exhaust phase. At that time, the pressure in the exhaust conduit 1 1 is substantially 

higher than the pressure observed in the intake conduit 10. 

This pressure difference triggers an aspiration of the burned gases into the intake conduit 
20 10 during the phase corresponding to the common opening of the intake valves 8 and exhaust 

valves 9. The opening of the intake valve 8 continues after the closing of the exhaust valve 9. 

During this period, the burned gases sucked into the intake conduit 10 are reintroduced into the 

combustion chamber 2. 
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The control of the amount of reintroduced burned gases is obtained by controlling the 
opening of the intake valve 8. The use of camshaft phase-shifting systems makes it possible, for 
example, to capture into the engine large amounts of burned gases (up to 80% by weight). 

Preferably, the gasoline injection is made, in a preferential manner, during a very short 
5 period, as close as possible to the ignition instant. In particular, it will be possible to have the 
gasoline injection take place during the compression phase of the engine cycle. Thus, the strong 
turbulence generated by the gasoline jet will be maintained and amplified during the beginning 
of combustion. The use of an injection pressure above 250 bars ensures a good homogeneity of 
the mixture in spite of the late time of injection. 
10 The performance of the engine, at full load, will be improved also by adapting the shape 

of the intake conduits 1 0. Since it is no longer required that the aerodynamics be generated by 
the intake conduits, it will be possible to optimize their shape to ensure a better filling of the 
engine under heavy load. 
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